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ABSTRACT 
BRAARUD, T.  and NYGAARD, I. 1978. Phytoplankton observations in offshore 
Norwegian coastal waters between 62' N and 69" N. I. Variation in time of the spring 
diatom maximum 1968-71. FiskDir. Sh-r. Ser. HavUnde~s., 16: 489-505. 
An attenlpt was made to trace yearly fluctuations in the timing of the spring 
diatom maximum along the Norwegian west coast, 62" N-69" N. Quantitative data 
on the diatonl population at 281 stations with 0 m samples and 120 stations with addi- 
tional san~ples from the 10, 20 and 30 m levels, collected in March-April during the 
four years 1968-71, were used. A delay of about three weeks from the southern to 
the northern part of the area, as previously observed, was again established. The years 
1970 and 1971 were years with an early ~l~aximum while 1969 was a definitely late year 
within the whole area. The time variatiorl in 1968-71 recorded in the Tr~ndelag and 
Helgeland subareas, showed trends different from those of the neighbour areas. The 
phytoplankton data were not adequate for a detailed analysis of the factors responsible 
for the timing of the maximum each year in the respective parts of the investigated area. 
PREFACE 
A study of the plankton in offshore coastal waters along the Norwegian 
coast from &fore to VesterAleri was adopted as part of the Norwegian 
contribution to the International Biological Programme (TBP), section 
Marine Prod~zctivity (PM). The plankton work formed an integrated 
part of a marine biological survey, "The recruitment mechanism for 
herrilig and cod", undertaken by the Institute of Marine Research, 
Fisheries Directorate, Bergen, in I\darcl-r-April 1968-7 1. 
The present report on the plzytoplanktoll material deals with the vari- 
ation in time of the spring diatom maximum of the near-coastal and 
intermediate coastal waters off Msre, Trsndelag, Helgeland and Vest- 
fjorden-Vesteriilen in 1968 -7 1. 
Cand. real. Ingrid Nygaard carried out the microscopical examination 
by means of the Utermohl teclinique (UTERMOHL 1931) of the water 
samples from 400 stations. The fillancia1 support tlirougli IBP sources was, 
however, inadequate for her continued engagement at  the project until 
the results could be presented for publication. The senior author is, 
therefore, mainly responsible for the editing of the report. 
I n  subsequent reports, accounts will be given of the seasonal and 
regional occurrence of the more important diatom species and of groups 
playing a subordinate role in the phytoplanktoil during March-April. 
INTRODUCTION 
In  Norwegian coastal waters the spring diatom maximum is the most 
spectacular event in tlze annual phytoplankton cycle as indicated by 
popular clesignations as "bloom" or "outburst". TiVithiii a period of few 
weeks a huge production of organic matter takes place, doubtless being 
of major importance for the secondary producers and the subsequent 
links in the production chain. Success of tlie reproduction of tliese later 
stages may depend upon a satisfactory coordination in time of spawning 
and availability of food for the fish larvae. In this connection variation in 
time of the season of high. productivity by phytoplankton in spring may 
play a role. 
IVitli this reasoning in mind, a program for tlie study of phytoplank- 
ton in water samples collected during a S L I ~ V ~ Y  organized by tlie Institute 
of Marine Research, Fisheries Directorate, Bergen, was set up. The 
purpose was to bring out information on variation from year to year and 
from one part of the area of investigation to the other in the time of the 
diatom maximum. 
SUBAREAS AND M'ATERMASSES 
For the present purpose, the area of investigation was divided in four 
subareas (fig 1) : 
More - from 62" N to 63" 30" N 
Trondelag - from 63" 30" N to 65" N 
Helgeland - from 65" N to 67" N 
Vestfjorden-Vesterilen - from 67" N to 69' N 
The topography and hydrography of tlie offshore coastal areas 
which the survey covers, are so diverse that the environmental situation 
for phytoplankton and zooplankton, even witliin one of the subareas, 
exhibits a rather broad range. In  order to obtain a meallillgful basis for 
Fig. 1. A. The investigated area for the phytoplankton survey 1968 - 7 1 of the Norwe- 
gian IBP-PM project. 
B. Number in circles: Reference to previous quantitative phytoplankton studies in 
spring in Norwegian offshore coastal waters north of 62" IV. 1) Lopphavet, HEIMDAL 
1974. 2) Malangen, GAARDER 1938. 3) Lofoten, FOYN 1929; GRAN 1930. 4) VesterBlen, 
GRAN 1930 ; BRAARUD e t al. 1958. 5) Vestfjorden, NORDLI 1949; BRAARUD et  al. 1958. 
6) Mare, GRAN 1929,1930; BRAARUD and KLEM 1931. 
comparison of the time sequence of the spring diatom development along 
the coast, a division of the watermasses encountered in a section from a 
fjord area out to the atlantic drift has been adopted for the upper 50 m. 
In addition to the old distinction between coastal and atlantic water 
based on salinities (HELLAND-HANSEN and NANSEN 1909), the term 
"semi-atlantic waters" for stratified waters with coastal water overlying 
Atlantic water within tlie upper 0-50 m layer is introduced. This situ- 
ation may be expected to involve a certain admixture of atlantic water to 
the overlying water within the euphotic zone. Trophic conditions for 
phytoplankton growth may in the semi-atlantic waters differ essentially 
Fig. 2. Bathymetric map of the investigated area. Depths in hectometer. The figure 
represents an extension of Fig. 1 in NAKKEN and LJBEN (1969) and was 
supplied by L J ~ E N .  
from those in the coastal waters, and the same may pertain to other 
el~vi~onmental co~lditions as well. I n  Fig. 3 a diagram is shown, indicating 
tlie five categories of watermasses encountered in the section. While tlie 
border lines between the atlantic and semi-atlantic waters and between 
the latter category and the intermediate coastal waters are based upon 
Fig. 3. A hydro-topographical division of the watermasses 0 -50 In on the Norwegian 
west coast. Salinities within the 0-50 m layer: Category 1, 2 and 3) lower than 35%,, 
category 4) lower than 35 %, in the uppermost strata, higher than 35%, beneath, 
category 5) higher than 35%,, even a t  the surface. > 35%,, : i  <35%, 
hydrographical criteria, the topographical delineation of the intermediate 
coastal and the near-coastal waters is more arbitrary. The extention of 
the various categories differs with locality and season, and may show 
yearly variation within any of the subareas investigated. 
QUANTITATIVE PHYTOPLANKTON DATA 1968-71 
At most of the stations surface samples only were examined while in 
some cases samples from the 10, 20 and 30 m levels were also studied. I n  
Table 1 the number of stations of the two categories are given for the four 
subareas and for each year. Only 2 ml samples were examined, using the 
Utermohl technique. Original tables for each station as well as excerpt 
tables for the various cruises are deposited at the University of Oslo, 
Department of Marine Biology and Limnology. Hydrographical data 
are available from the Norwegian Oceanographic Data Centre, Rergen. 
The situation in semi-atlantic and atlantic waters will be considered 
in  a subsequent report. 
Table 1. Stations for which quantitative phytoplankton data were obtained. Italized 
figures indicate numbers of stations with data for more than the 0 nl sample. 
Otlierw~ise only the 0 nl sanlple has been examined. The number of stations of each 
category as well as their total number are given for each subarea and each year. 




M ~ r e  Trendelag Helgeland -Vester51ell 
129 Total 401 
Sum for 
each 
METHOD FOR ESTIMATING THE TIME OF THE SPRING 
DIATOM MAXIMUM 
I n  handling the observatiollal data, which are scattered in time as 
well as geograpl~ically, it was found lieccessary to refer the situation at  
each station to a common scale, indicating various stages of the spring 
diatom increase. I t  is obvious that the adoption of such a procedure for 
the whole area of investigation requires that it is not based upon too strict 
a gradation. Conditions in the A40re area in the south and in the Vest- 
fjorden-Vester%len area in the north are so different hydrographically 
(BRAARUD, GAARDER and NORDLI 1958) that it might have been prefer- 
able to treat them separately. However, the inclusion of the two sub- 
areas in the middle of the coastal region investigated, makes it infeasible 
to draw any rational divisioli line between a souther11 and a northern 
situation. We shall, therefore, deal with each of the four subareas shown 
in Fig. 1. 
The following stages of the spring diatom increase were distinguished : 
Stage 0 - No sign of ally increase of the diatom population 
after the winter minimum. 
I - A definite increase is noticeable. 
- I1 - The diatom population has reached about 50/ml. 
- I11 - The diatom population lzas increased further, 
apparently approaching maximum. 
- I V  - The population has reached 1 000/ml or more. 
- V - Post-maximum situations are given this desig- 
nation, regardless of the size of the diatom popu- 
lation. 
This coarse scale is subjective, and other criteria than the llumerical size 
of the diatom population have been employed as well. A sample with a 
diatom population of lOO1ml might either be referred to stage I11 or to 
V. The additional criteria w l ~ i c l ~  then have been considered are: 1) The 
composition of the diatom comm~lnity, 2) the occurrence of resting stages 
and, in some cases, the general compositioil of the other components of 
the phytoplankton. 
When the composition of the diatom population is ~ ~ s e d ,  our know- 
ledge from previous investigations of the spring diatom increase has been 
employed, such as the early appearance of Clzaetoceros socialis and C.  
furcellatus. The percentage of resting spores in these species. is also taken 
as an  indicative detail. 
During the collation of the phytoplankton data from this survey, ob- 
servations were made on the relative abundance of the artificial group 
"monads and unidentified flagellates" (MF) at  various stages of the dia- 
tom spring growth. In  the south a definite increase took place after the 
diatom maximum had passed. A detailed discussio~l of the quantitative 
distribution pattern of this group relative to the diatom population is 
planned to be published separately. For the More area in 1968, when the 
observatio~ial material was relatively adequate, a condensed table is 
presented (Table 2) .  I t  indicates that post-maximum stages are apt to 
have acquired much larger populatioizs of MF than those occurring in 
pre-maximum stages with similar diatom abundance or whell the diatom 
maximum is reached. In  the northernmost area, the picture is not as 
consistent in this respect, possibly because density stratification at  this 
time of the year is far less pro~iounced in the ilorthern than in the southern 
area (BRAARUD et al. 1958). 
Table 2. Changes in the component "Monads and unidentified flagellates" (MI?) 
during the phytoplankton development in the offshore coastal waters after the winter 
minimum. Examples from the Mere area in 1968. Populations as cells/ml. For definition 
of development stages 0 -V, see p. 494. 
Stages 0 I I1 I11 I V V 
Cruise 2a 
7 - 12 March 
Number of 
stations . . . . . . .  9 - - - - - 
Diatoms, 
cells/ml . . . . . . .  <8 
ME, cells/ml 
Range. .  . . . . . .  3-23 
Mean . . . . . . . . .  10 
49 6 
Tabie 2 cont. 




stations . . . . . . .  - - 3 2 7 - 
Diatoms, 
cellslml . . . . . . .  - - <250 <800 2300-5800 - 
MF, cells/ml 
Range . . . . . . . .  7-14 1-22 1-21 - 




stations . . . . . . .  2 3 1 5 4 5 
Diatoms, 
cells/ml . . . . . . .  <7 130 530 1400-1700 2600-3200 150-1100 
MF, cells/n~l 
Range . . . . . . . .  6-16 0-8 5 8-36 4-11 9-40 





stations - - 1 2 9 - . . . . . . .  
Diatoms, 
cells/mI . . . . . . .  3800 <1 -557 
MF, cells/ml 
Range . . . . . . . .  11 78-3300 




stations - - - - 2 . . . . . . .  2 3 
Diatoms, 
cells/ml . . . . . . .  1000-2500 2 -481 
A4F, cells/ml 
Range . . . . . . . .  9-39 21-1735 
Mean. . . . . . . . .  24 5 74 
-- - 
Stage V is even less well-defined than the earlier stages. I n  some cases 
the decline of the population after the diatom maximum may be very 
rapid, as shown by the observations by GRAN (1927) in Fig. 4. However, 
dependent upon the hydrographic situation and the grazing intensity, a 
slower decrease may occur. This may particularly bc expected in the 
northern coastal area where wind-generated turbulence is apt to be 
especially effective in supplying nutrients from deeper layers to the 
euphotic zone due to the small density gradients encountered there at  
the season in question (HEIMDAL 1974). 
M A R C H  
Fig. 4. Changes in the diatom population (1 -2 n ~ )  at KBrtveit, south of l3erge11, 3-28 
March 1922. Recordsfroin GRAN (1927). 
The size of the M F  populations recorded may to some extent be in- 
fluenced by the amount of larger forms in the sample. When diatoms are 
very abundant, tlie accuracy of the counting of the very small forms of 
MF is apt to be considerably reduced. For this reason the records of M F  
populations for stages 111 and IV may be too small. This inaccuracy 
would, however, hardly illvalidate the use of the present criterioli for 
distinguishing between stage V and stages I and I1 in cases when the 
diatom population of the former is of a similar, fairly modest size as in I 
and 11. 
VARIATION I N  TIME OF THE SPRING DIATOM MAXIMUIVI 1968-71 
The present survey can only give fragmentary information on varia- 
tion in tlie time schedule of tlie spring diatom increase within the coastal 
area 62"-69" N. Irregularities in tlie cruise program of tlie co-operative 
project, curtailmelit of the microscopical work for financial reasons and 
the preselection of samples lor t l ~ e  phytoplankton studies have made the 
observations less suited for a description of the time scliedule in the four 
subareas in each of the four years of investigation. 
I n  Talsle 1 the number of stations for whicl~ ghytoplankton data were 
obtained, is given for tlie various years and subareas. A fusthcr docu- 
mentation of the observational material on whicli tllc estimation of 
the time of the diatom maximum has been based, is given i11 Table 3 for 
the M ~ r e ,  Tr~nde lag  and Helgeland sulsareas and in Table 4 for Vest- 
fjorden-Vester%len. For each of the subareas the tables give information 
on which stages have been observed in each week and, for each stage, the 
number of stations at which it was represented is noted in parenthesis. 
Fig. 5 gives a diagrammatic summary of the results. I t  should be 
accepted with due reserve since ill many cases the observations are too 
scanty for a more accurate estimate. This is especially the case for 
Helgeland. 
A comparison between the results for the More and Vestfjorden- 
Vesterzlen subareas shows that in all years a delay in the north of 3-4 
Table 3. Subareas Merre, Trnndelag and Helgeland. Summary for each year of 
recordings of she stages 0-V (see p. 494) observed in March-April and the first week 
of May. For each stage, the number of stations at which it was obqerved in the week 
and year in question is given in parenthesis. 
Month March April 
Week I 1 2 3 4 / 1 2 3 4  I - 
1968 
Cruise 2a, 2b, 
3a, 3b, 4 . .  . . .  
1969 
Cruise 6a, 6b, 
6d . . . . . . . . . . .  
1970 
Cruise 8a, 8b, 
8c, 9a, 9b . . .  
1971 
-- 





Cruise Za, 3a, 
3b, 4 . . . . . . . . .  0 111 V V 
(1) (2) (3) (13)  
MBRE 
0 I11 



















V V V V  
(3) (11) (5) (4) 
499 
Table 3 cont. 
weeks was registered. This is in accordance with previous investigations 
in these areas (see p. 491). An earlier spring maximum in Vestfjorden 
than in near-coastal waters off Vesterglen, which was indicated in 1968- 
71, has also been observed before. The early stages of the diatom in- 
crease in these areas were, however, rather synchronous 
The two subareas between Msre and Vestfjorden do not seem to show 
any consistent agreement with the trend of the yearly variation of any 
of their neighbour areas during the four year period. For Msre and 
Tr~ndelag,  there was in 1968 and 1969 a considerable time difference 
Month March April May 




( 5 )  
1969 
Cruise 6a, 6c, 
6e . . . . . . . . . .  
1970 
Cruise (8a, 8b) 
9a, 9b . . . . . .  
I1 V 
(5) (2 
V V V 
(5) (8) (10) 
1971 
. . . .  Cruise 10 
1968 HELGELAND 
I ;1 
Cruise 3a, 3b, 
4 . . . . . . . . . . .  
1969 
Cruise 6b, 6c, 
6d, 6e . . . . . .  
1970 
Cruise 8a, 8b, 
9a, 9b . . . . . .  
1971 
0 v v 
(1) (5) (3) 
I 
(2) 
0 I1 V 
(1) (6) (3) 
I 
(1) 
0 0 V 





Cruise 10 . . . .  
Table 4. Vestfjordell-Vester5len. The various stages of the spring diatom develop- 
ment late March to early May, 1968 - 197 1. Scale 0 -V, see p. 494. For each reference 
to stage the nuniber of stations is given in parenthesis. See also legend to Table 3. 
1969 Central 
Vestfjordell, outer and central I Offshore 
Month March April May March April May 
Week 4 1 2 3 4  4 1 2 3 4  1 
Cruise 
5a, 5b 
Central 1 -IS V 
1968 (4) (5) 
Cruise 




Near I1 V 
the coast(1) (8) 
Farther I IV 
offshore (8) (3) 
(2) (8) coast (2) (5) 
I I 
V Farther 
( 7 )  (3) 1 offshore (5) (2) 
Near IV 1 Ncarthe I1 - 
1970 land (1) 
Cruise 
7a, 7b Outer I I V 
coast 111 V 
(6) (3) 
Farther 0--I V 
(3) (5) 1 offshore (3) (3) 
Central I1 I T  I Nearthe 0- IV- 
1971 (5) (3) 
Cruise 
1 la, Outer I1 IV - 
1 lb  (3) V 
(1) 
coast I I V 
(2 (2) 
Farther 0 IV- 
offshorc (4) V 
(5) 
while in the ccearly years)) 1970 and 1971 the maxima appcared to be 
synchroiious. With to the time variatioii from year to year, the 
situation in the four subareas cannot be expected to have the same trend 
colisideriiig the large geographical distance ~rhicli they cover. However, 
an earlier maximum in Vestfjorden in 1970 and 1971 tllali in the other 
years is in accordance with what was observed in M0re and Trandelag. 
COMPARISON WITH RESULTS FROM PREVIOUS SURVEYS 
For thc Vestfjordcii-Vester51en area observations are available for 
a number of years. O n  the basis of these, wc have tried to give a cliarac- 
terization of the various years by reference to the scale which has been 
VESTFJORDEN 
H E L G E L A N D  
Fig. 5. Estimated cccurrence of the spring diatom maxiinuin in four subarcas of the 
Norwegian coast bctwcen 62" N aiid 69" N in 1968, 1969, 1970 and 1971. ' ihe diagram 
is based upon observations ill the ncar-coastal watcrs, and the time is indicated by weeks, 
from the lourtli weck o1 March to the iourth week of April. For data and inethods, 
see the text. 
Table 5. For the period 3rd week of March to 2nd week of May, available quantitative 
phytoplankton data have been used for a characterization of the spring diatqm develop- 
ment with the use of a 0-V scale (see p. 494) and reference to the nearest week. The 
origin of the data is given in the text. 'The Malangen locality is not strictly offshore, but 
a t  the mouth of a fjord system, while the station on the shelf off Ullsfjord is comparable 
to the near-coastal stations in Vesterblen. 
A 1 Vestfjorden I Offshore on the shelf 
Month March April April 
1922 0 1-11 I1 I1 I 
1923 0 0 0-11 I1 II-  
I11 v 
1924 0 0 11 -11  
1925 V 
1926 0-1 I I I1 V V 
1927 V 
1929 0 0 0 I 0-11 V 
1945 I1 I11 V 
1946 I 
19491) 
Malangen 1930 -31 The shelf off Ullsfjord (U 3) 1 1963-64 
I I I V V l V  I 0 1 1  I 
Observation from a single station by NORDLI (1949). 
used for 1968-71, defined on p.494. The results are presented in Table 
5 A, based on observations in 1922-27 by FGYN (1 929), in 1929 by GRAN 
(1930) and in 1945-46 by BRAARUD et al. (1958). As a supplement, 
corresponding information is given in Table 5 B for Malangen and the 
shelf outside Ullsfjord, based on the observations by GAARDER (1938) 
and HEIMDAL (1974). 
The following conclusions may be suggested with regard to the 
timing of the spring diatom development in the different years as indi- 
cated by these surveys. 
In Vestfjorden - A very late maximum in 1922. 
A remarkably late start of the increase in 1929. 
Offshore - Somewhat early development in 1923, 1926, 
1949. Late maximum in 1929. 
Malangen - The situation in 1930-31 was comparable to 
what 11ad been recorded in some years in Vest- 
fjorden, perhaps with a slightly earlier maximum. 
Off Ullsfjord - 1962-63, 1964. Maximum even later than in 
Vesteriilen. 
The general impression gained from these observations is that in the 
Vestfjorden-VesterAlen area and still further north, considerable 
variation may be expected from one year to another as to the time when 
diatom growtli starts after the winter minimum and the further increase 
towards maximum. Ordinarily tlze increase appears to start in the first 
week of April, and the maximum may, witlz few exceptions, be observed 
in the third to fourth week of April. However, deviations from this time 
schedule seem well documented in the publications mentioned above. 
From the other subareas the only observations whiclz may be used 
for comparison with the results from the present survey, are those by 
GRAN (1929, 1930) from Mare. 
O n  the basis of his quantitative investigations in 1926 and 1927 and 
older qualitative phytoplankton data, GRAN (1929, p. 49) stated: "We 
found the maximum number in the Skagerrak from February-March, 
off Bergen during tlze later half of March, at Romsdalen at the end of 
March and during the early half of April, and at  the Lofoten Islands 
during the first half of April." Observations from 1929 iiz the same 
section from Romsdalsfjorden to Storegga (GRAN 1930) indicated that 
maximum had been reached in the last week of March at  the stations 
nearest land, in agreement witlz his general statement quoted above. 
A combinatiolz of the results from the older surveys with those from 
the 1968-71 survey seems to justify the following broad conclusions. 
1. There is a delay of about three weeks in the occurrence of the spring 
diatom maximum when going from Mare (62" N) to Vestfjorden-. 
VesterAlen (69" N).  This is in accordance with the general statement 
by GRAN (1929) quoted above as well as with observations in 
1945-46 by BRAARUD et al. (1958) at  Eggum and Skrova in the 
north and Soglzesjaen and Utsira in tlze south. 
2. I n  tlze Mare subarea, the years 1970 and 1971 had earlier maxima 
than 1968 and 1969 which showed a delay also compared witlz 
GRAN'S observations in 1929. 
3. Also for the other subareas tlzere was in 1970 a relatively early maxi- 
mum, as in the More area, while in 1969 the maximum was relatively 
late in all subareas. North of M ~ r e  the variation in tlie time schedule 
in 1968 and 2971 did not show any common trend for tlze three 
subareas. 
4. In the Vestfjorden-Vesterilen subarea tlzere is generally an earlier 
maximum in Vestfjorden than in Vesterilen, in accordance with 
observations in previous surveys. 
CONCLUDING REMARKS 
From quantitative phytoplankton data for Egguni and Skrova in 
the Vestfjorden-Vesterglen area and Sognesj~en and Utsira in the 
soutliern part of the Norwegian west coast, BRAARUD et nl. (1958) docu- 
mented a delay in 1946 of about three weeks in the spring diatom develop- 
ment in tlie north compared with the south. In  their summary (p. 41) 
they commented on the background for this delay: "Factors of general 
nature: the different light supply due to geograpllical position and the 
delayed vernal stabilization at the northern stations, conditioned by a 
smaller fresh-water supply, were pointed out as main factors causing the 
delay in spring phytoplankton growth in the ~iortli. Extelisive winter 
mixing, inducing a more pl-onounced dilution of the winter populatio~i 
in the north, may also result in smaller plrytoplankton stocks in early 
spring". 
Tlie observations from tlie present survey demonstrate that within 
the coastal area from 62" N to 69O N yearly fluctuations in tlie timing of 
the spring diatom maximuni occur. They are well within the time range 
indicated by the general statements of GRAN (1929) and BRAARUD et al. 
(1958). In  actual situations, liowever, the variation from year to year 
may be large enough to be taken into consideratioli in the search of 
causes for unsuccessful reproduction in commercial fishes. The present 
pliytoplankton material is, unfortunately, inadequate for an analysis 
of the background for tlze yearly variations observed in tlze four year 
period 1968-71. For this purpose a concentrated study of the situation 
within a rnuch smaller area would have been preferable. Tlze hydro- 
graphy of the offsliore coastal waters is so complex that a very dense 
station net is needed for an adequate alialysis of the elirrironmental 
situatioii for diatom growth. 
I n  a subsequent report, tlie variations in the composition of the 
diatom vegetation within the area of investigation will be discussed, also 
in view of the hydrograpliical heteroge~ieity of tlie Norwegian coastal 
waters (BRAARUD and NYGAARD, in prep.). 
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